To gain insight into NK cell dynamics, we investigated the turnover and proliferation rates of NK cells in normal and lymphopenic conditions. In contrast to previous reports suggesting a very rapid turnover of NK cells, continuous 5-bromo-2-deoxyuridine (BrdU)-labeling studies demonstrated that the time necessary for labeling 50% of splenic NK cells in mature mice was 17 days, similar to the rate of labeling of memory T cells. In contrast, in young mice, splenic NK cells labeled very rapidly with BrdU, although cell cycle analyses and BrdU pulse-labeling studies suggested that most of this proliferation occurred in a precursor population. A somewhat larger percentage of bone marrow NK cells was cycling, suggesting that these proliferating cells are the precursors of the mostly nondividing or slowly dividing splenic NK cells. Splenic NK cells from mature mice also did not proliferate significantly when transferred to normal mice, but did proliferate when transferred to irradiated mice. Relatively little is known concerning NK cell homeostasis, maintenance, and turnover. Early studies suggested that mature NK cells in the spleen turn over very rapidly, which would distinguish them from most T cell subsets (18, 19) . In this study, we add considerable new information concerning NK cell dynamics. We examine NK cell accumulation, cell cycle status, and turnover at various life stages in mice, the effects of inhibitory receptor expression and host MHC expression on these processes, and homeostatic proliferation of NK cells in lymphopenic mice.
To gain insight into NK cell dynamics, we investigated the turnover and proliferation rates of NK cells in normal and lymphopenic conditions. In contrast to previous reports suggesting a very 
N atural killer cells play an important role in host defense
in some viral and bacterial infections as well as against certain tumor cells (1, 2). NK cell specificity is determined by a balance in signaling by stimulatory and inhibitory receptors. The inhibitory receptors are generally specific for self MHC class I molecules expressed by target cells (3) . Two families of class I-specific receptors have been identified in mice. The Ly-49 family of receptors recognizes class Ia molecules directly (4) , while the CD94/NKG2 receptor recognizes a nonclassical class Ib molecule, Qa-1, associated with peptides derived from the signal peptides of many class Ia molecules (5) . Susceptibility of target cells to NK cells is increased when the target cells are deficient in the expression of class I MHC molecules that can engage the inhibitory receptors, as shown with tumor cells (6) or nontransformed cells (7) .
Cytokines have been implicated in the development and activation of NK cells. NK cell development is defective in gene-targeted mice lacking expression of common ␥-chain, the ␥-chain subunit common to the receptors for IL-2, IL-4, IL-7, IL-9, and IL-15 (8) . Although NK cells develop essentially normally in mice deficient in the expression of IL-7, IL-2, or their receptors (9, 10), mice lacking IL-15 or its unique receptor component (IL-15R␣) are highly deficient in NK cells (11, 12) . In vivo treatment of normal or IL-15 knockout mice with IL-15 results in increased NK cell numbers and the induction of NK cell activity (12) (13) (14) (15) . The relative roles of IL-15 in NK cell differentiation, proliferation, and maintenance have not been clearly established, although a role in NK cell survival is suggested by in vitro and in vivo studies (16, 17) .
Relatively little is known concerning NK cell homeostasis, maintenance, and turnover. Early studies suggested that mature NK cells in the spleen turn over very rapidly, which would distinguish them from most T cell subsets (18, 19) . In this study, we add considerable new information concerning NK cell dynamics. We examine NK cell accumulation, cell cycle status, and turnover at various life stages in mice, the effects of inhibitory receptor expression and host MHC expression on these processes, and homeostatic proliferation of NK cells in lymphopenic mice.
Materials and Methods

Mice
C57BL/6J (hereafter designated B6) mice, which express the Ly-5.2 allele, were obtained from The Jackson Laboratory (Bar Harbor ME). B6-Ly-5.1 congenic mice were obtained from Charles River Laboratories (Frederick, MD). B6 ␤ 2 -microglobulin (␤ 2 m) Ϫ/Ϫ mice (20) that had been backcrossed five times to B6. K bϪ/Ϫ D bϪ/Ϫ mice on the B6 background were described previously (21) . B6-IL-15 Ϫ/Ϫ mice were generously provided by J. Pechon (Immunex, Seattle, WA) (12) . All mice were bred in the animal facility at the University of California, according to institutional guidelines.
were administered BrdU in their drinking water (0.8 mg/ml). Water was changed every day and contained 1% glucose to overcome taste aversion.
On the day of analysis, spleen and bone marrow cells were harvested from labeled mice. At least one nontreated control mouse was included with each experiment, and at least three mice in each treatment group were evaluated independently in each experiment. RBC were eliminated by treating the cells with ACK (150 mM NH 4 Cl, 1 mM KHCO 3 , 0.1 mM EDTA), and splenocytes were stained with relevant Abs. Subsequent BrdU staining was performed, as described (22) , and analyzed on an EPICS XL-MCL flow cytometer (Coulter, Hialeah, FL).
Abs and immunofluorescence analysis
Anti-Ly-49C/Ly-49I mAb SW5E6 (23), anti-NKG2A mAb 16a11 (24) , and anti-FcR mAb 2.4G2 (25) have been described previously. The hybridoma-producing anti-Ly-49G2 mAb 4D11 (26) was purchased from American Type Culture Collection (Manassas, VA). Abs were conjugated to FITC (Boehringer Mannheim, Indianapolis, IN) or biotin (Pierce, Rockford, IL). Anti-NK1.1 PE, DX5 PE, CD3 biotin, CD5 biotin, CD19 biotin, CD3 PE-Cy5, and Ter119 biotin conjugates were purchased from E-biosciences (San Diego, CA), except that PK136 used for the BrdU analyses was kindly conjugated to PE by P. Schow (University of Calfornia, Berkeley). Streptavidin tricolor, streptavidin PE, and streptavidin RED613 were purchased from BD PharMingen (San Diego, CA). Biotinylated anti-IL-7R␣ mAb A7R34 was generously provided by C. Surh (Scripps Research Institute, La Jolla, CA). Anti-CD3 Tricolor (670) and anti-␣␤ TCR Tricolor were purchased from Caltag (S. San Francisco, CA) and were used to exclude NK T cells from most analyses.
Cell cycle analysis
Nylon wool-nonadherent splenocytes and bone marrow cells were depleted of Gr-1 ϩ and CD19 ϩ cells using the AutoMACS system (Miltenyi Biotec, Auburn, CA) and were preincubated with 2.4G2 culture supernatant, washed, and stained with Abs specific for NK1.1 and CD3, followed by fixation with 1 ml ice-cold 70% ethanol overnight at 4°C. Cells were resuspended in 1 ml of fresh Sytox Green (Molecular Probes, Eugene, OR) staining solution (1 nM Sytox Green, 100 U/ml RNase A, 1 g/L glucose, 1ϫ PBS), incubated at least 30 min at room temperature, and analyzed on a flow cytometer.
NK cell transfers
Single cell suspensions of spleen cells from groups of 30 donor mice (B6-Ly-5.1 mice) were prepared. Cells were incubated with biotinylated Abs for depletion (anti-CD3, anti-CD19, anti-Ter119, and anti-CD5) and magnetically sorted using the AutoMACS protocol. Enriched NK cells were recovered from the AutoMACS, counted, and washed with PBS. Analysis demonstrated that the cells were typically 60 -80% NK1. 
Quantitation of NK cell proliferation dynamics from CFSE profiles
The calculation models to define the dynamics of clonal expansion in vivo have been described previously (27) . Briefly, where n is the number of division cycles achieved during clonal expansion, and E the number of events under each CFSE fluorescence peak, the size of the precursor sample pool (Ps) is given by equation 1 and the size of the precursor sample pool that underwent cell division (Psr) is given by equation 2. Equation 3 gives the proportion, or frequency, of the precursor sample pool that divided (R).
Results
NK cell accumulation and BrdU labeling as a function of age
The number of NK cells (defined as NK1.1 ϩ CD3 Ϫ cells) was determined in the spleens of B6 mice of various ages. The steady state number of NK cells rose rapidly during early life, from 1 to 3 ϫ 10 5 per spleen at days 1 and 2 after birth, reaching ϳ2 ϫ 10 6 cells at 3 wk of age, and finally achieving a plateau of 2-4 ϫ 10 6 per spleen in 2-to 8-mo-old mice (Fig. 1 ). The rise in NK cell numbers closely paralleled the increased cellularity of the spleen over the same time period (Fig. 1B) .
Splenic NK cells incorporate BrdU at high levels early in life and at low levels later in life
As an initial assessment of NK cell turnover, mature mice were provided with the BrdU in their drinking water continuously for various periods of time. The mice were 8 -10 wk old at the beginning of the labeling period. The percentage of NK cells (gated NK1.1 ϩ CD3 Ϫ cells; see inset, Fig. 2A ) that labeled with BrdU was determined by flow cytometry at each time point. The NK cells labeled with linear kinetics, with one-half of the cells acquiring the label by ϳ17 days after labeling was initiated ( Fig. 2A ). This rate of labeling was faster than that of total splenic T cells (Fig. 2B ) and similar to that of memory T cells (22) and splenic NK1.1 ϩ T cells (data not shown).
To evaluate the BrdU-labeling rate of NK cells at different life stages, a fixed labeling period was applied to mice of various ages. In mature B6 mice of 7-15 wk of age (49 -105 days of age), ϳ10 -15% of NK cells labeled with BrdU over 3 days (Fig. 3A) , consistent with the continuous labeling data. This rate of labeling was similar to the rate of incorporation in splenic T cells over the same age range (Fig. 3C) . In contrast to these results, in 18-day-old mice nearly 90% of NK cells labeled with BrdU over 3 days (Fig.  3A) . Thus, the incorporation of BrdU approximately mirrored the rate of accumulation of NK cells in the spleen: very high in young mice in which NK cells were accumulating, and much lower in older mice after NK cell numbers reached a steady state.
Similar to the pattern in the spleen, nearly all NK1.1 ϩ CD3 Ϫ NK cells in the bone marrow of 18-day-old mice had incorporated BrdU after a 3-day pulse (Fig. 3B) . As in the spleen, the percentage of BrdU ϩ cells decreased substantially in older mice, but the plateau level of labeled cells, ϳ30 -35% of NK cells, was substantially higher than the plateau level in the spleen (10 -15%). These data suggest either that bone marrow NK cells proliferate more than splenic NK cells, and/or that a larger fraction of bone marrow NK cells corresponds to recent progeny of proliferating precursor cells.
In subsequent analyses, we pulsed 18-day-old mice with BrdU for increasingly shorter intervals, and determined the percentage of BrdU ϩ cells among splenic cells as a function of the length of the BrdU exposure. Splenic NK cells were compared with the entire nylon wool-nonadherent spleen cell population (Fig. 4) . The latter population labeled with approximately linear kinetics, but there was a lag in the labeling of NK cells, such that only 5% of NK cells were labeled at 6 or 12 h, but nearly one-half of the cells were labeled by 48 h. A lag in labeling indicates that most of the incorporation occurred in a precursor population rather than in the population under analysis (28, 29) . Thus, the data suggest that most of the NK cells in the spleens of 18-day-old mice are not themselves undergoing rapid division, but most likely represent the recent progeny of proliferating precursor cells that either reside outside the spleen or do not express the NK1.1 marker.
Cell cycle analysis of NK cells in spleen and bone marrow
To assess the extent of ongoing proliferation of NK cells in the spleen and bone marrow, the cell cycle status of NK cells was determined by flow cytometric analysis of gated NK1.1 ϩ CD3
Ϫ cells stained with Sytox Green. The cell cycle analysis demonstrated that in 3-wk-old mice ϳ3% of splenic NK1.1 ϩ CD3 Ϫ cells were in either the S or G 2 /M phases of the cell cycle (Fig. 5A) . The percentage of NK cells in cycle was nearly unchanged in mice of 6 wk of age (Fig. 5C) , suggesting that the proliferation of splenic NK cells does not vary significantly within this age range, despite the decrease in the rate of BrdU labeling over the same period (see Fig. 5 legend) . These data suggest that most peripheral NK cells, even in young mice, are not proliferating at a substantial rate, consistent with the BrdU pulse-labeling data. A minor percentage of NK cells are in cycle under steady state conditions, however, suggesting either that a small subset of NK cells is dividing rapidly, or that many or all NK cells are dividing infrequently.
The percentage of cycling NK cells in the bone marrow was slightly higher than that of splenic NK cells at 6 wk of age (ϳ5% compared with 2-4%) (Fig. 5, C and D) . Although a somewhat higher percentage of bone marrow NK cells was cycling at 3 wk of age (ϳ10%) (Fig. 5D ), this small difference cannot account for the much higher percentage of BrdU-labeled splenic NK cells in younger mice as compared with older mice. It is likely, therefore, that the higher rate of labeling in young mice is due to the filling of the splenic compartment by recently divided NK1.1 Ϫ precursor cells, which could eventually saturate splenic niches and prevent further rapid influx of additional recently divided cells. Taken together, the results suggest that most peripheral NK cells in young and old mice are nondividing or slowly dividing cells that are recently derived from proliferating precursor cells. 
Proliferation of NK cells does not correlate with expression of inhibitory receptors or MHC expression
As a measure of whether expression of inhibitory MHC-specific receptors influences basal proliferation of NK cells, we examined whether BrdU incorporation correlated with inhibitory receptor expression. BrdU labeling was commenced at 8 wk of age, and lasted for 1, 2, or 3 wk before spleen cells were harvested and gated NK cells were analyzed by flow cytometry. To reveal whether more or less proliferation occurred within an NK subset defined by expression of a given inhibitory receptor, we depicted the data as a ratio of the percentage of BrdU ϩ cells in the receptor-positive subset compared with percentage of BrdU ϩ cells in the receptor-negative subset (Table I ). The ratios were close to 1.0 when analyzing NK subsets in B6 mice defined by any of three inhibitory receptors, NKG2A/CD94 (16a11 mAb), Ly-49G2 (4D11 mAb), or Ly-49C/I (5E6 mAb), indicating that expression of these receptors did not correlate well with NK cell proliferation. Two of these receptors recognize MHC class I molecules expressed in the B6 strain: NKG2A (when paired with CD94) recognizes a D b peptide presented by Qa-1 (30), whereas Ly-49C and Ly-49I recognize the K b class I molecule (31, 32) . In contrast, Ly-49G2 does not recognize the H-2 b -encoded class I molecules expressed in B6 mice (32, 33) . As an additional approach to investigate the possible role of MHC-receptor interactions in basal NK cell proliferation, we compared the rate of BrdU incorporation into NK cells in wild-type mice with that of mice deficient for MHC class I expression. Two types of class I-deficient mice were examined: those deficient for the K b and D b classical class I molecules (K bϪ/Ϫ D bϪ/Ϫ mice), and those lacking ␤ 2 m, a molecule necessary for expression of classical and nonclassical class I molecules. Both types of mice lack ligands for both Ly-49 receptors and the CD94/NKG2A receptor. The results demonstrated that the rates of BrdU incorporation into NK cells in general, as well as into the specific subsets examined, were roughly similar in class I ϩ and class I Ϫ mice (Table I ) (data not shown). Taken together, the results suggest that MHC-NK receptor interactions have little, if any, effects on basal NK cell proliferation.
Homeostatic proliferation of NK cells
We next addressed whether proliferation of mature NK cells, like that of mature T cells (34 -36) , is regulated by the extent of lymphoid cellularity. Splenic NK cells from mature B6-Ly-5.1 mice of ϳ8 wk of age were labeled with CFSE and transferred to adult B6 mice that were irradiated or not. Seven days after transfer into unirradiated mice, the vast majority of donor NK cells had not undergone any detectable proliferation, consistent with the findings above that most mature NK cells are not actively dividing (Fig. 6A) . However, when transferred into irradiated B6 mice, a substantial percentage of the cells had undergone at least one cell division at this time point (Fig. 6B) . These results suggest that NK cells, like T cells, undergo homeostatic proliferation in irradiated hosts.
To address the role of MHC expression in homeostatic proliferation of NK cells, CFSE-labeled NK cells were transferred in parallel to irradiated ␤ 2 m Ϫ/Ϫ recipients. The extent of NK cell proliferation in irradiated ␤ 2 m Ϫ/Ϫ hosts was only slightly lower than that in irradiated wild-type mice (Fig. 6C) . Therefore, homeostatic NK cell proliferation does not depend to a significant extent on host expression of MHC class I molecules, a finding that was consistent with our expectations because most of the MHC-specific receptors are inhibitory in function. Conversely, however, host MHC class I molecules appear to play no discernible role in limiting the extent of donor cell-NK cell proliferation.
Because Ϫ/Ϫ hosts, suggesting that commitment to cell division was largely independent of IL-15 (Fig. 6D) . In contrast, the number of donor NK cells recovered from IL-15 Ϫ/Ϫ hosts was reduced by Ͼ15-fold compared with the number recovered from wild-type hosts (percent recovery of transferred cells is indicated to the right of each panel in Fig. 6 ). These results suggest that under conditions favoring homeostatic proliferation of NK cells, IL-15 is not required for cell division per se, but is essential for survival of NK cells.
Discussion
Our study adds substantially to previous studies of NK cell dynamics. The earlier studies showed that most NK cells in the secondary lymphoid organs of normal nonimmune adult mice are relatively small cells (37) and that spontaneous NK cell cytotoxic activity is mediated by relatively small cells (37) and is resistant to short-term exposure to hydroxyurea, which kills proliferating cells (18, 38) . Most of these and other early studies (19, 39 ) examined spontaneous NK cell activity rather than NK cells themselves. Our results provide important new information by examining the dynamics of phenotypically defined NK cell populations with respect to cell cycle status and BrdU-labeling kinetics. The data confirm that most splenic NK cells in adults are not dividing rapidly. However, we did detect a small cycling splenic NK population in steady state conditions, suggesting either that a small NK subset is rapidly dividing or that many NK cells divide infrequently.
Contrary to our findings, it is widely believed that NK cells in mature mice turn over very rapidly. This notion is based on early kinetic studies, in which it was concluded that splenic NK cells in mature mice turn over rapidly, with a t 1/2 of ϳ1 day (18) . We obtained strikingly contradictory data, showing that splenic NK cells label with BrdU relatively slowly, with a t 1/2 of ϳ17 days ( Fig. 2A) . This rate is similar to that of NK1.1 ϩ T cells in the spleen (data not shown) and that reported for T cells with a memory phenotype (22) , although slower than that of conventional splenic T cells. Resident splenic T cells with a memory phenotype are similar to NK cells in several other respects, such as cell surface markers and responsiveness to poly(I:C). The earlier kinetic study examined the disappearance of spontaneous NK cell activity (lysis of YAC-1 cells) at various times after treatment of mice with hydroxyurea (18) . Although activity was not reduced immediately after hydroxyurea treatment, it waned very rapidly after a short delay. It was concluded that the short delay represented the time it took for dividing precursor cells to reach the spleen, and the rapid decline thereafter was interpreted to indicate that active NK cells are very short-lived. A problem with this interpretation is that it examined only spontaneous NK cell cytolytic activity. Recent studies have shown that the NK cell population in mature mice is nearly devoid of cytolytic activity until activated by stimuli (priming) such as poly(I:C), viral infection, or target cells that express ligands such as Rae1 that stimulate NK cells (40, 41) . NK cells with spontaneous cytolytic activity are therefore likely to represent only a small subset of the total NK1.1 ϩ CD3 Ϫ population in normal untreated mice. These cells may exhibit a rapid replacement rate because they have been recently stimulated by environmental cues, such as infectious agents. Alternatively, it is possible that such cells are generally more frequent among recently differentiated NK cells. Finally, hydroxyurea may be toxic to NK cells for reasons unrelated to cell division. In any case, our data clearly establish that the bulk of NK cells in mature mice is replaced at a much slower rate than previously thought.
Unlike the results in mature mice, NK cells in young mice label very rapidly with BrdU, similar to the rate of labeling of newly produced mature T cells within the thymus (29) . Our study presents several lines of evidence that indicate that the rapid BrdU labeling of NK cells early in life is due to production of new NK cells during this period, and that much of the proliferation does not occur in mature splenic NK cells. First, rapid BrdU incorporation occurred coincident with the rapid accumulation of splenic NK cells during ontogeny, and waned after NK cell numbers reached a steady state after 3 wk of age (Fig. 3) . Second, there was a short lag in BrdU labeling of splenic NK cells, suggesting that most of the proliferation was not occurring in splenic NK cells themselves (Fig. 4) . Third, direct analysis revealed that only a small fraction of splenic NK cells was in the S or G 2 /M phases of the cell cycle, even at 3 wk of age, a time of rapid BrdU incorporation into NK cells, and that the percentage of cycling NK cells in the spleen did not change significantly at later time points (Fig. 5) . We propose that splenic NK cells are derived from recently divided precursor cells, most of which cease dividing coincident with or shortly before they either arrive in the spleen or up-regulate the NK1.1 Ag. To account for the difference in labeling of splenic NK cells in young vs older mice, we propose that the rate of export of these precursor populations to the spleen or their differentiation into NK1.1 ϩ cells is much higher in younger mice than in older mice, presumably reflecting a saturation of the spleen with mature NK cells in the older mice. Our findings suggest that cell proliferation during NK cell differentiation may be similar in some respects to T cell differentiation, which is also characterized by extensive cell division in the immature stages, but little or no cell division in the terminal stages (at least until Ag is introduced).
Interestingly, neither BrdU incorporation nor cell cycling by splenic NK cells correlated well with the presence or absence of particular inhibitory receptors specific for the host's MHC molecules, as might have been expected if the inhibitory receptors inhibit basal NK cell proliferation. Consistent with these findings, the rate of BrdU incorporation into NK cells was similar regardless of whether the mice expressed MHC class I molecules normally, or were deficient for class Ia molecules (K bϪ/Ϫ D bϪ/Ϫ ) or all class I molecules (␤ 2 m Ϫ/Ϫ ) (data not shown). Therefore, neither MHC class I molecules nor the inhibitory receptors that recognize them play a significant role in regulating NK cell proliferation, at least under steady state conditions. Previously published data demonstrating that the NK cell repertoire is influenced by MHC class I expression (42) are not in conflict with our new findings, because MHC class I expression may influence which receptor genes are expressed in developing NK cells without affecting cell proliferation, as proposed elsewhere (43) .
One of our most interesting findings was that splenic NK cells undergo homeostatic proliferation, as shown by the much greater proliferation after transfer to irradiated mice vs unirradiated mice. As has been previously observed for T cells, the lymphopenic environment in the irradiated mice apparently promotes the proliferation of NK cells. The NK cells fail to proliferate when transferred to normal mice with their abundant supply of endogenous lymphocytes, much as has also been reported for T cells. The results suggest that the lymphocyte count in the animal is somehow used as a sensor, such that NK cell proliferation is induced when lymphocyte counts are low. This mechanism may serve to rapidly expand NK cell counts back to normal in animals suffering from lymphoid cell depletion.
Homeostatic proliferation and survival of naive T cells are dependent on host MHC expression (34 -36) . In the case of NK cells, however, we found that neither homeostatic proliferation nor cell survival (judged by cell yield) was much reduced in MHC class I-deficient hosts. In the case of NK cells, this is perhaps not a surprising finding, because most of the MHC-specific receptors expressed by these cells are inhibitory in function. Furthermore, even in the case of T cells, MHC expression is required only for homeostatic proliferation of naive T cells and not for that of memory T cells (44) . Most NK cells have a surface phenotype more similar to that of memory T cells than naive T cells. It remains unclear whether homeostatic proliferation of NK cells requires stimulation of some unidentified NK receptor(s) or is induced solely by other types of mediators such as cytokines.
We were surprised to observe that the fraction of NK cells that had undergone cell division after transfer into irradiated IL-15 Ϫ/Ϫ mice was only slightly lower than the fraction of dividing cells observed in irradiated IL-15 ϩ/ϩ hosts. Because lymphocytes do not make IL-15, these data suggest that NK cell division that occurs during homeostatic proliferation is not dependent on IL-15. Homeostatic proliferation of naive T cells is IL-7 dependent (45), but we found that IL-7Rs were only barely detectable on NK cells compared with T cells, where they were easily detected (data not shown). The latter finding raises the possibility that NK cell proliferation is independent of IL-7. In contrast to our findings concerning proliferation, the survival of NK cells was dramatically reduced in the irradiated IL-15 Ϫ/Ϫ mice compared with irradiated IL-15 ϩ/ϩ hosts, indicating that NK cell survival under these conditions is highly dependent on IL-15. These results are consistent with a recent report demonstrating that survival of nondividing NK cells after transfer to unirradiated mice is also dependent on hostderived IL-15, and suggest that IL-15 is required for survival of both proliferating and quiescent NK cells (17) . It is well known that IL-15 is required for the development of NK cells as well, although it has not been clearly established whether the cytokine is primarily responsible for proliferation, differentiation, or survival of differentiating NK cells (11, 12) .
In results reported after submission of this study, Prlic et al. (46) elegantly documented homeostatic proliferation of NK cells in a different system using unirradiated hosts that were lymphopenic as the result of mutations in the Rag-2 and ␥C genes. Their study and an accompanying paper (47) also demonstrated poor survival of NK cells in IL-15 Ϫ/Ϫ hosts.
Our results help to clarify the dynamics of NK cell production in early and midlife, the rates of cell division and turnover, and the role of MHC molecules and cytokines in NK cell proliferation and survival. Furthermore, we provide the first evidence that NK cells, like T cells, undergo homeostatic proliferation under conditions of lymphocyte depletion. These findings are essential for a comprehensive understanding of NK cell biology in health and disease. 
